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For our investigation, an established line (E line) of
baby hamster kidney cells which was transformed by the incorporation of Simian Virus 40 into the cellular genom was used.
The induction of this virion by irradiating these cells with
ultraviolet light was studied.

The purpose of this thesis

was to determine the wavelength dependency (at four selected
ultraviolet mercury emission lines) of the induction of the
SV40 genome from these cells.

The viral titres of induction

were measured ny the agar overlay plaque assay method and by
the fluorescent antibody microassay technique.
At the four wavelengths tested 265 nm and 280 nm were
approximately equal in their ability to induce the virus from
the cells.

Light at 240 nm was less effective than either of

these two wavelengths in inducing virus production.

The 297

nm wavelength proved to be the least effective of all four
wavelengtns tested.

INTRODUCTION AND LITERATURE REVIEW

In the past two decades, the presence of latent viruses
in mammalian cells, their periodic induction, and their subsequent expression have been of increasing concern to the
medical profession.

This concern was intensified with the

discovery by Sweet and Hilleman (1960) of simian vacuolating
virus (SV40), a virus of oncogenic potential in mammalian
cells.
Concommitantly, the effects of various extrinsic factors
on biological systems and processes have also undergone extensive experimentation.

One such factor is ultraviolet light,

which has been shown to physically alter major cellular macromolecules, e.g. DNA

(Deering, 1962).

The purpose of my research was to investigate the effects
of varying doses of ultraviolet light of different wavelengths
on the induction of 5V40 virus from a transformed mammalian
cell line.

Ultimately, the ultraviolet wavelength dependency

of this induction process was to be established.

To my know-

ledge this has not previously been determined.
Although ultraviolet-mediated induction of viruses in
eukaryotic cell cultures has now been studied (Fogel and Sachs,
1970; Weiss, Friis. Katz and Vogt, 1971), pioneering work first
used bacterial systems.

Lwoff (1950) used ultraviolet radia-

tion at a wavelength of 254 mit to induce bacteriophage

2

production in lysogenic Escherichia coli bacterial cells.

In

a later paper Lwoff (1952) concluded that the viral DNA present
in a lysogenic bacterium developed into an active virus with
the aid of an inducing agent such as irradiation.
Franklin (1954) conducted the first wavelength dependency
study of virus induction by using monochromatic ultraviolet
light of various wavelengths.

He determined the most effec-

tive wavelength (265 nm) for inducing lambda phage from E.
coli K-12.

He observed a sharp peak in the induction action

spectrum at 265 nm, which is near the peak of the absorption
spectrum for DNA (260 nm).

In the same study, Franklin ob-

tained an action spectrum for E.

sal_4,

K-12 cell inactivation

and compared it to the induction action spectrum.

The fact

that these spectra did not coincide indicated that the cellular phenomena necessary for cell inactivation and virus induction were different.

Franklin concluded that the induction

process may involve an enzyme system or may consist of the
direct activation of the viral DNA.

This fundamental 'Iliestion

has yet to be answered.
Work involving SV40 began in 1960 when Sweet and Hilleman
(1960) isolated the virion from cultures of rhesus and cynomolgus monkey kidney cells.

SV40 was unique as compared to

its serologically-related simian viruses in that it cauFed no
cytopathic effect in those cells from which it originated.

In

the same study, Sweet and Hilleman (1960) found that people who
took the Salk live poliovirus vaccine developed an antibody
titer to SV40.

This was due to the fact that the live

policvirut; used in the vaccine was propagated in rhesus and
cynomolgus monkeys, the natural hosts for SV40.
Although SV40 has never been shown to be pathogenic in
humans, it causes tumors when injected into suckling hamster
s
(Girardi, et al., 1962).

The virus also has the capacity to

transform hamster cells (Rabson and Kirschstein, 1962; Shein,
et al., 1963; Black and Rowe, 1963) and mouse cells (Todaro
and Green, 1966; Kit and Brown, 1969) in vitro.

Under certain

in vitro conditions, SV40 can transform monkey and human
cells
(Dubbs and Kit, 1968; Kit, Dubbs and Somers, 1971).
Benjamin (1966) established that the SV40 genome is present in transformed cells by using DNA-RNA hybridization
methods.
He hybridized pulse-labelled ribonucleic acid (RNA), obtaine
d
from transformed mouse cells, with purified SV40 DNA.

The

fact that Benjamin found no hybridization with purified SV40
DNA and RNA obtained from normal cell cultures indicated
that
the SV40 genome persisted in the transformed cells but
was
not present in normal cells.

Previous experiments showing

the presence of complement-fixing antigens for SV40 (Black,
Rowe, Turner and Huebner, 1963) and SV40-specific transpl
antation antigens (Defendi, 1963) seemed to support this theory
of the presence of the SV40 ,;enome in transformed cells.
Westphal and Dulbecco (1968) devised a method by which
they could isolate pure SV40 DNA from transformed cells
when
the viral genome was in its supercoiled configuration.

Con-

tamination with cellular DNA had previously been a problem.
They hybridized the isolated SV40 DNA with RNA which was
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made in vitro on a purified SV40 D.;A segment.

Their technique

was sensitive enough to identify fewer than five viral DNA
molecules per cell.

Using mouse and hamster transformed cell

cultures, Westphal and Dulbecco found as few as seven and
as many as sixty SV40 genome equivalents per cell, all of
which were isolated from the host cells' nuclei.
Sambrook and Srinivasan (1968), working with Westphal and
Dulbecco, proved that the SV40 genome was integrated in the
DAA of transformed mouse cells.

Whole mouse chromosomes were

extracted from cells and were hybridized with RNA synthesized
in vitro on pure SV40 DNA.

It is now known that viral DNA is

integrated with cellular DNA through alkali-stable linkages
(Kit, Dubbs and Somers, 1968).
The most consistently used method of induction or activation of SV40 in transformed cells has been that of cell fusion
(Koprowski, et al., 1967; Kit, et al., 1968; Dubbs and Kit,
1968; Huebner, et al., 1975).

The transformed cells are fused

with SV40-permissive cells in the presence of ultraviolet inactivated Sendai virus, resulting in heterokaryon formation.
African green monkey kidney cells, which are highly permissive
to SV40 infection, are most often used in fusion experiments.
In a definitive study on the rescue of SV40 through heterokaryon formation, Weyer, Kit and Dubbs (1970) showed that activation of SV40 in transformed hamster cells did not depend
on transfer of the SV40 DNA to the green monkey kidney permissive cell nucleus, since virus production was first

D
detected in the transformed cells' nuclei.

One possible ex-

planation for this fact is that the permissive cell provides
an essential protein factor (Kit, Dubbs and Somers, 1968)
which is necessary for virus activation and is lacking in
the transformed cells.
Since the SV40 genome is incorporated into the host cell's
DNA, physical and chemical agents which directly or indirec
tly cause DNA strand breakage should be effective in inducing
the production of SV40.

Many such agents have been used.

Gerber (1964) used mitomycin C (which causes DNA cross linkages) to induce SV40 synthesis.

Mitomycin C was not success-

ful in inducing adenovirus and polyoma virus in transformed
cells.

At that time, it was not kncwn that the SV40 genome

was incorporated into the host cell's genome, so Gerber only
concluded that there was a difference in the relationship
between SV40 and its host cells as compared to adenovirus and
polyoma virus and their host cells.

Burns and Black (1969)

also used mitomycin C to induce SV40 synthesis in transformed
hamster kidney cells.

With the knowledge that SV40 is con-

tained in the host cell's DNA, they suggested that the oncogenic virus:host cell relationship was analogous to bacteri
al
lysogeny.
Kaplan, Wilbert and Black (1972) successfully induced
SV40 synthesis in transformed hamster kidney cells by amino
acid deprivation and by cycloheximide treatment.

Both of

these factors inhibited protein synthesis, which resulted
in
a temporary inhibition of D.71 synthesis leading to the induction of SV40.
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Rothschild and Black (1970) usea bromodeoxyuridine
(a thymine analog which can be incorporated into DNA) and
ultraviolet light (which causes DNA base damage) to induce
SV40 synthesis in transformed hamster kidney cells.

The

induction probably resulted from breaks in the DAA which
occurred during the excision-repair process.

Kaplan et al.

(1975) used bromodeoxyuridine, ultraviolet light, mitomycin C, or ionizing radiation to successfully inauce SV40
production in a transformed line of baby hamster kidney
cells.

The authors noted that all these agents either di-

rectly or indirectly caused DNA strand breaks which may
be the first step in the rescue of SV40 from its integrated
state in the host cell.

MATERIALS AND METHODS

Cell Lines
A culture of SV40-transformed baby hamster kidney cells
(E clone), derived from a line established by J. Kaplan
(Kaplan, et al., 1975), was obtained from Dr. L. E. Bockstahler,
Bureau of Radiological Health, Rockville, Maryland.

The cells

were maintained in a growth medium consisting of 10% Minimum
Essential Medium (Eagle's) supplemented with 4X the concentration vitamins and amino acids, glutamine (International
Scientific Industries, Cary, Illinois) and 10% fetal calf
serum (Reheis Chemical Co., Kankakee, Illinois).

The medium

was adjusted to a pH of 7.2-7.6 with .02M Hepes buffer (Microbiological Associates, Bethesda, Maryland) and 10N NaOH or
with 7.5% sodium bicarbonate.

The cells were incubated at

37°C in 75 cm2 culture flasks (Falcon Co., Oxnard, California).
A clone of African green monkey kidney cells (CV-1) was
obtained from the American Type Culture Collection, Rockville,
1aryland.

These cells were maintained in a growth medium con-

sisting of 10% 1.inimum Essential Aedium (Eagle's) supplemente(d
with 2X the concentration of vitamins and amino acids, glutamine, and 10% fetal calf serum.

The pE was adjusted to 7.2-

7.6 with .02M Hepes buffer and lON NaOH or with 7.5% sodiur.
bicarbonate.

The cells were incubated at 37°C in 150 cm2

tissue culture flasks (Corning Co., Corning, New York).
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Ultraviolet Exposures
A Schoeffel GM 250 D double monochromator containing a
2.5 kilowatt high pressure mercury-xenon lamp source (929B
Hanovia Lamp, Newark, New Jersey) was used as the source of
radiation.

The E-line cells were irradiated in 60 mm Corning

petri dishes (Corning Co., Corning, ,iew York) with varying
exposures of energy at 240 nm, 265 nm, 280 nm and 297 nm wavelengths of ultraviolet light.

Before irradiation the growth

medium was removed from the petri dishes and the cell monolayers were rinsed twice and then overlaid with 2 ml of Dulbecco's PBS (Dulbecco. 1954).

Dishes of control cells were

treated identically but received no radiation.

These cells

provided a measure of the amount of spontaneous SV40 induction.

After the irradiation, the cells were incubated at

37°C.

Harvesting of the Virus
In order to harvest SV40 virions, L-line cells were removed from the 37°C incubator room 96 hours after being irradiated and placed in a -40°C Revco freezer.

The following

day the cells were removed from the freezer and allowed to
thaw.

This freezing and thawing process removed the cells from

the surface of the petri dishes.

The cell suspensions were

pipetted out of the dishes into centrifuge tubes and centrifuged at 51xg for 10 minutes in an IEC PR-J centrifuge (Damon/
IEC Division, Needham Heights, Massachusetts).

After centrifu-

gation the supernatant was pipetted off the cell pellets and
saved.

The cell pellets were then externally sonicated at
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60 watts for 45 seconds with a W140D sonifier (Ultrasonics,
Inc., Plainview, Aew York).

The sonification disrupted the

cells and released any intracellular SV40 virions.

The

sonified cells were then recombined with their corresponding
supernatants and stored in the -400C freezer.

3V40 Plague Assay by the Agar Overlay nethod
Appropriate dilutions of the harvested virus solutions
were made in Dulbecco's PBS to give a titre range of 25-100
plaque forming units (PFU's) per ml.

Confluent monolayers

of CV-1 cells growing in 25 cm2 Falcon culture flasks were
used to assay the virus.

Each flask was inoculated with 1 ml

of the virus dilution after removing the growth medium and
rinsing the cell monolayer with Dulbecco's PBS.

The virions

were allowed to adsorb to the cells for 2 hours at 37°C.
virus dilutions were then
discarded.

The

ipetted off the cell monolayers and

The newly infected cells were overlaid with 4 ml

of PBS-based 20% ninimum Lssential Aedium plaguing medium
mixed in equal proportion witn 1.8% Difco purified agar and
incubated at 37°C.

The agar served to prevent extracellular

virus transport, thus confining all infecti.c%is centers and
giving easily identified plaques.
On the sixth day post-infection, the flasks were given
a second overlay of 4 ml of the same agar-plaguing medium
mixture to provide the cells with more nutrients.
were then returned to 37°C.

The flasks

On tne twelftn day post-infection

the flasks were given a final overlay of 4 ml of the agarplaguing medium mixture supplemented with .01% neutral red
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stain.

After one day at 370C the neutral red stain had dif-

fused through the agar and stained the living cells.

On the

thirteenth day the flasks were visibly scanned for plaques.
A second reading was taken on the fourteenth day to assure
that plaques too small to see on the thirteenth day were not
overlooked.

SV40 Plaque Assay by the Fluorescent Antibody Microassay
Technique
CV-1 cells were grown on LAB-TEK tissue culture chamber
slides (niles Laboratories, Inc., :iaperville, Illinois) for
the fluorescent antibody microassay.

Each slide was divided

into 8 chambers by a plastic partition, which allowed for the
culturing of 8 separate call monolayers per slide.

dilutions

of the harvested virus solutions were made at a titre which
was 10X the titre of the dilutions used in the agar overlay
plaque assay.

Since only 0.1 rml of each dilution was used

to infect each cell monolayer, as compared to 1.0 ml per cell
monolayer in the agar overlay plaque assay, the number of
fluorescent nuclei or fluorescent microplaques per cell sheet
should approximately equal the number of visible plaques per
culture flask in the agar overlay plaque assay.
Once the cells were approximately 75% confluent, the medium was pipetted from each chamber of the slides and the cell
monolayers rinsed once with Dulbecco's PBS.

Each cell mono-

layer was then infected with 0.1 ml of the appropriate virus
dilution and the virions were allowed to adsorb to the cells
at 37°C for 2 hours.

After this time, the virus solutions
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were pipetted off the cell monolayers anu each monolayer was
overlaid with 0.5 ml of .75% metayl cellulose-10% Minimum
Essential Medium supplemented with 5% fetal calf serum, amino
acids, vitamins and glutamine.

The medium was buffered with

.02:4 Hepes buffer adjusted to pH 7.4-7.8 with 10A .4a011.

The

methyl cellulose served the same purpose as tae agar.
After 4 days of incubation at 370C, the slides were inverted and the methyl cellulose medium was snaken off.

me

slides were then rinseU in Dulbecco's PBS and placed in 100%
acetone for 10 minutes to fix the cells.

After fixation tne

slides were allowed to air dry for 3-5 minutes and tne cell
sheets were stained.
The indirect fluorescent antibody method was used to
stain the cells.

A 1:10 dilution of anti-SV40 rabbit serum

(Microbiological Associates, Bethesda, Aaryland) in bulbecco's
PBS was prepared and one drop (approximately 0.1 ml) was
laced on each fixed cell sheet.

The serum was allowed to

absorb into the cells for 30 minutes in a numid petri dish
at 37°C.

After 30 Linutes, the slides were dipped in a car-

bonate-bicarbonate buffered (pH 9.0) .85% saline solution to
remove excess serum.

They were then placed in a Coplin jar

filled with the same saline solution for 20 minutes to insure
the complete removal of excess serum.

After 20 minutes, the

slides were returned to the humid petri dish and one drop
(approximately 0.1 ml) of anti-rabbit goat IgG conjugated with
fluorescein isothiocyanate (Microbiological Associates,
Bethesda, Maryland) diluted 1:100 in Dulbeccoss PBS was place

12

on each cell monolayer.

The conjugated anti-serum was allowed

the cells
to absorb into the cells at 37°C for 20 minutes and
were then rinsed with the carbonate-bicarbonate buffered
saline solution using the same procedure as was used for the
removal of the anti-SV40 rabbit serum.

After this rinsing,

3 or 4 drops of a 50% glycerol-50% carbonate-bicarbonate
were
buffered saline mixtui2 were added to the slides, which
then overlaid with coverslips.
The cell monolayers were screened for fluorescrrnt nuclei
and fluorescent microplaques with an American Optical series
10 microscope adapted with a Fluorolume 645L power supply
(American Optical Co., Buffalo, New York).

An Osram HBO 200

L2 200 watt mercury lamp (Seiler Instrument and Manufacturing
Co., St. Louis, Missouri) was used as the source of illumination.
Fluorescent nuclei were those nuclei that contained SV40
virions and fluoresced an apple green color against a dark
background of uninfected cells.

Fluorescent microplaques were

infected
groups of cells in one constricted area which were all
with SV40.

The fluorescent plaques appeared as large areas of

e
apple green fluorescence against a dark background of negativ
(uninfected) cells.

Actively growing E-line cells (60 - 80% confluency) were
irradiated in Corning 60 mm petri dishes.
duction experiments were performed.

Two ultraviolet in-

In Experiment # 1, the

cells were irradiated with relatively low exposures of ultraviolet light at a wavelength of either 240 nm, 265 nm, 280 nm
or 297 nm.

In Experiment # 2, the cells were irradiated with

higher exposures of energy at the same four wavelengths.

After

the irradiations were completed, the cells were incubated at
o
37 C. After ninety-six hours (post-irradiation) the virions
were harvested from the cells and assayed by the two methods
previously described.

Results of the SV40 Plague Assay by the Agar Overlay Method
The harvested viral solutions from the two experiments
were each assayed twice.

In both assays, 0.02 ml of each

viral solution was diluted in 1.0 ml of i:oulbecco's PBS and
plated on a freshly confluent monolayer of CV-1 cells growing
in Falcon 25 cm 2 culture flasks.

Only one flask of CV-1 cells

was infected for each virus dilution of both experiments in the
first assay.

In the second assay, however, 2 flasks of CV-1

cells were infected with each viral dilution from the first
experiment and between 2 and 6 flasks of CV-1 cells were infected with each viral dilution obtained from the second
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experiment.

For the controls, 0.06 ml of a control (unirrad-

iated) solution was diluted in 1.0 ml of Dulbecco's PBS and
plated on a CV-1 cell monolayer in the first assay of Experiment
# 1 whereas 0.1 ml of a control solution in 1.0 ml of Dulbecco's
PBS was used in the second assay of Experiment 0 1.

Four and

seven flasks of CV-1 cells were infected with control dilutions
in the first and second assays, respectively, of Experiment #
1.

Control solutions were not assayed in the firsu plaque assay

of Experiment # 2.

In the second assay of Experiment # 2, 0.1

ml of a control solution was diluted in 1.0 ml of Dulbecco's
PBS for each of the 9 flasks of CV-1 cells infected with control dilutions.
At the completion of the plaque assays, the number of
plaques in each flask was mu1tip1ie

by the appropriate dil-

ution factor to determine the numLer of PFU's per million Eline cells.

Tables 1 and 2 list the viral titres induced by

the various energy exposures at each of the four wavelengths
in Experiment

1 and Experiment # 2 respectively.

There was some variation in plaque counts from flask to
flask (Table 3) in the second assay of Experiment # 2 (where
2 to 6 flasks of CV-1 cells were infected with each viral
dilution).

This variation shows that several assays are need-

ed at each viral dilution if statistically significant results
are to be obtained.
Exposure response curves for each wavelength are shown in
Figures 1 - 4.

A prerequisite for plotting an accurate action

spectrum is that the shapes of the exposure response curves
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TABLL 1
INDUCED VIRAL YIELDS IN EXPERIMENT # 1

PFU's/106 E-line Cells
Wavelength
nm

Exposure
mJ/cm2

First Assay
(x 102)

Second Assay
(x 102)

240

0.46
0.91
1.37
1.82
2.28

18.0
80.0
160.0
130.0
110.0

23.0
91.0
130.0
110.0
96.0

265

0.22
0.43
0.65
0.36
1.10

68.0
90.0
48.0
94.0
62.0

50.0
120.0
100.0
55.0
45.0

280

0.30
0.60
0.91
1.21
1.51

86.0
110.0
110.0
46.0
30.0

83.0
120.0
72.0
56.0
36.0

297

3.49
5.24
6.98

36.0
120.0
74.0

Control

0.00

0.7

0.4

*Viral solutions were insufficient in amount to run
the
second assay.
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TABLE 2
INDUCED VIRAL YIELDS IN EXPERIMENT # 2

PFU's/106 E-line Cells
Wavelength
nm

Exposue
mJ/cm4

First A§say
(x 104)

240

1-130
2.270
3.400
4.530
5.650

265

0.306
0.646
0.950
1.260
1.600

280

0.590
1.120
1.780
2.380
2.970

160.0
**
76.0
8.0
14.0

297

06.91
11.52
20.74
29.96
39.18

130.0
92.0
34.0
2.0
0.0

Control

00.00

10.0
66.0
70.0
40.0
8.0

Second Assay
(x 102)

28.0
59.0
42.0
30.0
11.0

43.0
53.0
50.0
33.0
25.0

120.0
76.0
41.0
8.0
5.0

1.2

*Viral solutions were insufficient in amount to run the second
assay.
**Flasks were lost to contamination.
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TABU; 3
VARIATION IN PLAQUE COUNTS IA THE SLCOND ASSAY
OF EXPERIMENT # 2

Wavelength
nm

240

265

280

Control

Exposue
mJ/cm4

Plague Count/Dish

Average Count***

1.13

10-11-6-10-24-23

14.0

2.27

28-31-20-14-38-45

29.3

3.40

30-16-20-18-11-30

20.8

4.53

7-7-24-14-22-17

15.2

5.65

12-6-4-7-2-1

0.31

18-25

21.5

0.65

39-7-17-42

26.3

0.95

35-27-10-28

25.0

1.26

21-12

16.5

1.60

9-11-19-11

12.5

0.59

61-50-70-52-79-46

59.6

1.12

29-32-45-43-39-41

38.2

1.78

8-33-11-3-32-35

20.3

2.38

7-6-5-3-2-1

4.0

2.97

2-3-2-6-1-1

2.5

0.00

1-1-0-2-6-5-8-1-5

3.1

5.3

***This average multiplied by the appropriate viral dilution
factor gives the viral titre per 106 E-line cells.
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Figure 1.

Exposure response curve at 240 nm; 0- first
first assay on
assay on Experiment 4 1;
Experiment 4 2; C3- second assay on Experiment
0 1; Gl- second assay on Experiment 4 2.

al-

I9

Figure 2.

Exposure response curve at 265 nm; 0- first assay
on Experiment 11 1; C)- second assay on Experiment
# 1; 01- second assay on Experiment # 2.

Figure 3.

Exposure response curve at 280 nm; C)- first assay
on Experiment 4 1;
first assay on Experiment
# 2; a - second assay on Experiment # 1; 011- seconu
assay on Experiment # 2.

al-
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Figure 4.

Exposure response curve at 297 rim; 0- first assay
on Experiment # 1; •-first assay on Experiment
# 2.

22
be similar at all wavelengths tested.

Therefore, the shapes

of the curves in these figures is important.

Although the

data is limited, it appears that all four curves are of a
similar shape.
The slope of t:Ie initial line in each exposure response
curve was calculated and plotted (Figure 5) to determine
which of the four wavelengths was the most effective in Inducing the production of SV40 virions.

It appears that light

of wavelength 265 nm is the most effective in stimulating
virus induction.

However, the small difference between the

results obtained at 265 nm and 280 nm is not statistically
significant.

Results of the SV40 nicroplaque Assay by the Fluorescent
Antibody Method
Several fluorescent plaque assays were attempted, but
all failed to yield good quantitative data similar to that obtained when an agar overlay plaque assay was employed.

Many

of the CV-1 cell monolayers infected and subsequently stained
contained an occasional fluorescent nucleus or microplaque,
but the titre was not as hih as it should have been (usually
a factor of 10 or more).

The Lest results came from one ex-

periment in which viral dilutions from Experiment 4 1 at 265
nm were used (Table 4).

In this experiment the infected CV-1

cell monolayers were stained at 50 hours and at 84 hours postinfection and screened for fluorescence.

There were numer-

ous fluorescent nuclei and a few microplaques at 50 hours with
the microplaques increasing in number and size at 84 hours.
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Figure 5.

Comparison of the initial slopes of the exposure
response curves at 240 nm, 265 nm, 280 nm and 297
nm.
A- slope at 240 nm (slope = 2.6), 4S - slope
at 265 nm (slope = 6.6), 0- slope at 280 nm
(slope = 5.1), 4- slope at 297 nm (slope = 0.5).

1 265 nrn

1

2

3
4
mi/cm2

5

6
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TABLE 4
RESULTS OF THE FLUORESCENT ANTIBODY MICROPLAQUE ASSAY

Exposure
mJ/cm2

Fluorescent
Nuclei
Expected
(E)

Fluorescent
Nuclei
Present
(P)

Ratio
(E/P)

at 50 hours:
0.22

136

23

5.9

0.65

120

21

5.7

0.86

141

11

12.8

1.08

124

19

6.5

0.22

136

108*

1.3

0.65

120

33

3.6

0.86

141

15

9.4

1.08

124
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4.1

at 84 hours:

*38 of these fluorescent nuclei were in one area.

However, even at 50 hours, many of the fluorescent nucici
were located in the same area of the cell sheet, possibly
indicating that the virus was not evenly distributed over the
cell sheet during the original 2-hour infection period.
Although this preliminary fluorescent antibody data is
lower in titre than that obtained with established methods,
the fact that qualitative data can be obtained holds promise
for future work.

If this difficulty is surmounted, then the

shortening in length of the assay period (from 13 days to 2
to 4 uays) makes the technique potentially better than the
current ones available.

There is also a cost differential

(Table 5) between tne agar overlay plaque assay and the fluorescent antibody microassay.

This difference could be impor-

tant when limited supply funds are available.
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TABLE 5
COST COMPARISON OF A 96-FLASK AGAR OVERLAY SV40 PLAQUE ASSAY
TO AN 8-SLIDE (96 CHAMBERS) FLUORESCENT ANTIBODY MICROASSAY

Agar
Plaque
Assay

Item

Fluorescent
Antibody
Microassay

Containers
(8) 150 cm2 Corning culture flasks
3 0.73/flask

$

5.84

(6) 25 cm 2 Falcon culture flasks
1 0.29/flask

1.74

(96) 25 cm2 Falcon culture flasks
@ 0.29/flask

27.84

(8) LAB-TEK chamber slides ) 0.83/
slide

6.64

Buffered nedia
(624 ml) Sodium Bicarbonate
2X MEM @ 0.013/m1
(78 ml)

8.11

HEPES 2X MEM @ 0.017/m1

1.33

Overlay Media
(1152 ml) agar-plaluing media
9 0.013/m1

14.98

(48 ml) methyl cellulose medium
@ 0.015/:a1

0.72

Staining
(4 ml) neutral red stain

0.03/m1

0.12

(9.6 ml) 1:10 rabbit anti-SV40
serum
0.35/m1

3.36

(9.6 ml) 1:100 anti-rabbit goat
IgG @ 0.09/m1

0.86

TOTAL

$

56.89

$ 14.65

L:ISCUSSION

The L line of transformed baby hamster kidney cells used
in my study was developed by Kaplan and aer associates (1975)
at Massacausetts General Hospital, Boston, Massacnusetts.

They

infected tissue cultures prepared from weanling Syrian hamster
kidneys with purified SV40 virions.

The absence of SV40 es-

sential replication factors (SERF) in hamster cells, which must
be present for permissive infection (Kit, Dubbs and Somers,
1971), favored the transformation event in these cells.

The

newly transformed cells were cloned and passaged in the presence of SV40 antiserum and transplanted to aamsters.

Cell

lines were established from the tumors wnich developed in the
infected hamsters.

Biochemical analysis of the cells revealed

tne presence of, on tae average, 1.7 copies of tne SV40 genome
per cell.
The first ultraviolet induction experiment on E line cells
was performed by Kaplan an

her co-workers (1975).

There has

been no other data published on the ultraviolet induction of
SV40 virions from this cell clone.

Kaplan and ner associates

used as a source of radiation the output from a germicidal
lamp.

Such a lamp emits 90% of its energy at 254 nm.

The

cells were irradiated with energy exposures ranging from 0
to 1.5 mJ/cm2.

Maximum induction occurred at an exposure of

1.0 EJJ/cm2 (8.0 x 103 PFU's/106 cells; virus harvested at 72
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i.ours post-irradiation).

Using virus harvested at 96 hours

after irradiation, an exposure response curve revealed a direct relationsilip between the amount of virus produced and
the exposure of ultraviolet radiation used.

Titres began

to diminish when the virus was harvested in excess of 96
hours post-irradiation.

Therefore, I harvested all induced

virus at 96 hours after exposing the cells to radiation.
As in Kaplan's experiment, the viral titres induced
in my experiments were directly dependent on the exposure
to ultraviolet radiation if the exposure was pelow that
value that caused maximum induction.
with wavelength.

Tnis value varieu

At higher exposures tne exposure response

curves leveled off and began to decline with additional
exposure.
The 265 nm and 280 nm wavelengths proved to be the most
effective in inducing the production of virions.

There was

only a slight difference between the initial slope of tne
exposure response curve at 265 nm (6.6) and the initial
slope at 280 nm (5.1).

Ao statistical significance is

placed on this difference.

As mentioned earlier, tile SV40

genome is incorporated directly into the nost cell's genome.

Thus, a wavelength of light which is near the peak

absorption wavelength (260 nm) for DNA would be expected
to have the most effect on induction, either by direct excision of the SV40 genome from the host genome or by release of the viral genome during the repair of damaged host
cell JA.

My results at 265 nm support this theory.

Also,
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the absorption spectrum for eucaryotic chromosomes (DNA
and protein) has a broad peak between 260 nm and 280 am
(280 nm being the absorption peak for proteins) due to
the presence of basic proteins which are closely associated
with the nuclear DNA.

The fact that the 280 nm wavelength

was nearly as effective as 265 nm in inducing the virus
suggests that the induction process may be strongly dependent on the participation of protein molecules.

The

proteins involved could be those associated with the DNA
physically or the enzymes which participate in the repair
and replication of DNA.

Franklin (1954) suggested tne

involvement of either an enzyme system or direct cleavage
in the induction process more than two decades ago.
The 240 nm and 297 nm wavelengths were less effective
in inducing viral production, 297 nm being less effective
than 240 nm.

This is to be expected, since tnese wave-

lengths are far from the 260 nm peak for DNA absorption.
At these wavelengths, it takes more photons (hence, more
energy) to get an effect since the probability of a photon
being absorbed is lower than it is at wavelengths close
to 260 nm.
Kaplan found a low level of spontaneous viral induction
in her experiment (Kaplan, et al., 1975) which reached a
peak (5.8 x 101 PFU's/106 cells) at 96 hours post-irradiation.

Previously Kit, Dubbs and Somers (1971) had stated

that no autonomous replication of SV40 DNA in transfor
med
hamster cells had every been observed.

However, my experiments
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reinforced Kaplan's in that I found a low amount of spontaneous induction (4.0 x 101 to 1.24 x 102 PFL's/106 cells)
also.

i4ormal monkey cells are susceptible to naked SV40

Ji,AA as well as intact virions (Swetly, et al., 1969).
Therefore, this seemingly spontaneous induction could possibly be due to the release from E line cells of SV40 DNA
which was not fully incorporated into the host cell genome
or Was inadvertantly excised from the host cell genome by
mechanical means such as sonification.

This question re-

mains to be answered.
The fluorescent antibody microassay shows great promise for future measurements of viral induction.

This

method is less time-consuming and less expensive than the
agar overlay plaque assay.

It may also be more accurate

in that it allows for tne counting of singly infected cells
as opposed to plaques in the agar overlay plaque assay.
In my fluorescent antibody work, the anti-SV40 rabbit serum was specific for the intact SV40 virion and would only
stain completely assembled virions.

Since the replica-

tion cycle for SV40 is approximately 50 hours (Manteuil,
et al., 1973), the nuclei of infected cells (where final
assembly of SV40 occurs) should stain positively for the
presence of SV40 virions.

This was found to be the case

in my experiments (Table 4).
One major problem did arise with tne fluorescent
antibody technique.

The anti-SV40 rabbit serum I used

was obtained from rabbits which had been infected with

31

SV40 virions.

The SV40 stock used for the infection was

grown in CV-1 cells, however, and there were no steps taken
to purify the SV40 virions (that is, remove CV-1 cellular
antigens) before injecting them in the rabbits.

Thus,

the rabbits synthesized antibodies to CV-1 cell antigens
as well as to SV40 antigens.

Since I used CV-1 cells to

assay the induced virus, the antibodies in the rabbit serum to these cells were absorbed by the latter.

Conse-

.:luently, the anti-rabbit goat IgG stained the cellular
antigen-rabbit antibody complexes as well as the virion
antigen-rabbit antibody complexes, resulting in a great
deal of background fluorescence.

This background made

the fluorescent nuclei difficult to see.

The following

steps were taken to purify the anti-5V40 rabbit serum:
1- CV-1 cells were grown in twenty 150 cm2 culture
flasks (approximately 1.2 x 108 cells) and then
removed with a rubber policeman and centrifuged
at 51 x g for 10 minutes.
2- The cell pellet was washed with Dulbecco's PBS
and centrifuged again at 51 x g for 10 minutes;
this step was then repeated.
3- Fifty ml of 100% acetone were added to the cell
pellet to fix the cells.
4- After 15 minutes in acetone, the cells were centrifuged again for 10 minutes at 51 x g.
5- Fifty ml of a 1:10 dilution of anti-SV40 rabbit
serum in Dulbecco's PPS were added to the cells.
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6- The cells were shaken every 15 minutes to keep
them in suspension w'clile they were being incubated for 2 hours in a 37°C water bath.
7- After two hours, the cells were centrifuged for
10 minutes at 51 xg and the supernatant (the 1:10
dilution of rabbit serum) was removed.
8- The serum was filtered through a 0.20 micron plain
membrane (Nalge Sybron Corp., aochester, New York)
and stored at 40C.
This process allowed for the removal of any monkey antibodies in the rabbit serum due to their complexing with
intracellular antigens in the fixed CV-1 cells.
The fluorescent antibody microassay is now established
in our laboratory, and its application to the measurement
of viral induction is under continuing study.

The technique

is also being applied to the testing of the presence of
Herpes simplex type 1 in eye lesions.
lore agar overlay plaque assays will have to be done
to test the data already accumulated.

Also, additional

induction experiments employing lower exposures of energy
at the four wavelengths used in my experiments have recently
been begun.

The viral titres induced in these experiments

will give a more accurate measurement of the initial slope
of the exposure response curves, allowing for a better co:parison of different wavelengths.

An action spectrum of

SV40 induction could be plotted after several induction
experiments have been assayed at wavelengths which cover

33
the entire ultraviolet light range (230 nm through 380 nm).
This spectrum should point to the main molecule involved in
the induction process.

If my results are confirmed and ex-

tended, this molecule will be identified as either nucleic
acid or a nucleic acid-protein complex.

It is hoped that

the eventual resolution of technical difficulties involved
in applying the fluorescent antibody method of viral assays
will reduce the time required to answer this iL.portant
question.
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CORRECTION

PRECEDING IMAGE HAS BEEN
REFILMED
TO ASSURE LEGIBILITY OR TO
CORRECT A POSSIBLE ERROR

